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doi:10.1016/j.ejvs.2009.09.004Abstract Objectives: To examine the incidence and risk factors of intraprosthetic throm-
botic deposits in abdominal aortic endografts.
Methods: The clinical records of 51 patients (44 males; mean age 76.3 years, range: 63e90
years) with abdominal aortic aneurysm treated with transfemoral implantation of bifurcated
stent graft between the years 2002 and 2008 were retrospectively reviewed. Patients under-
went three-phase helical computed tomographic (CT) examinations at 1-, 3-, 6- and 12-month
intervals and then annually. The formation of intraprosthetic thrombus associated with use of
anti-platelet, preoperative mural thrombus in the aneurysm, ratio of cross-sectional area
between the mainbody and bilateral limb grafts and length of mainbody were evaluated.
Results: Over a 10-month mean follow-up, intraluminal deposits of thrombotic material were
observed in eight of 51 patients (15.6%, 95% confidence interval: 8.2e28). The first signs of
thrombus formation occurred on average 9.8 months after endografting (range: 1e24 months).
Intraprosthetic thrombotic deposits was not related to preoperative mural thrombus formation
(pZ 0.38) or postoperative anti-platelet or anticoagulation medication (pZ 0.40). However,
it was significantly related to the ratio of the cross-sectional area between the mainbody
and the bilateral limb grafts and the length of mainbody (pZ 0.04 and pZ 0.01). There were
three graft limbs occlusion owing to kinking with no intraprosthetic thrombus detected on CT
scans taken prior to occlusion. One patient developed distal left proximal superior femoral
artery embolisation 4 months after detectable intraprosthetic mainbody thrombus in a CT scan
follow-up. In no case did the thrombotic deposits clear completely from the prosthesis lumen
during follow-up.
Conclusions: This short experience demonstrates that incidentally found thrombotic deposits
in abdominal aortic endografts are common. The deposition of thrombus is mostly influenced23123456 ext. 65074; fax: þ886 2 23225697.
(S.S. Wang).
ty for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
742 I.H. Wu et al.by the geometry of the aortic stent graft with wider mainbody diameter coupled with smaller
limb grafts and longer mainbody graft. Most of these thrombi are clinically silent and require
no additional treatment.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Endovascular aortic aneurysm repair is a minimally invasive
technique that has achieved a high degree of acceptance
for the management of patients with anatomically suitable
abdominal aortic aneurysms (AAAs).1e3 Unlike standard
open repair, endovascular aneurysm repair (EVAR) is asso-
ciated with a unique set of complications, including endo-
leak, limb occlusion, device migration and material fatigue,
which mandate ongoing postoperative surveillance.4e8 One
relatively frequent occurrence is the development of
intraprosthetic thrombosis.9e12 However, the mechanism
leading to this thrombotic event has not been clearly
identified. From the fluid mechanics point of view, the
deployment of such a complex device can adversely affect
local haemodynamics, where the geometry of the endog-
raft is one of the most important factors. The tapering
effect of the bifurcated graft from the proximal neck to
bilateral iliac limb grafts would result in a plug flow and
central flattening of the velocity profile. These regions of
low velocities might be prone to thrombus formation. The
main objective of this study is to investigate the incidence
and risk factors of intraprosthetic thrombotic deposits by
calculating the ratio between the cross-sectional area of
the mainbody to the bilateral limb grafts and the length of
mainbody.
Methods
The clinical records of 51 patients (44 males; mean age 76.3
years, range: 63e90 years) with AAA treated with trans-
femoral implantation of bifurcated stent graft between the
years 2002 and 2008 were retrospectively reviewed.
Patients were included in the study if all preoperative and
postoperative surveillance computed tomographic (CT)
scans were performed at our institution. A total of 51 of 56
patients treated were included in our study, because clin-
ical data of the other five patients were incomplete. Two
vascular surgeons and an interventional radiologist per-
formed the procedures in a angiographic suite equipped
with high-resolution fluoroscopic imaging equipment
(Axiom Artis, Siemens AG, Erlangen, Germany). The
majority of the cases were performed on an elective basis
(nZ 50, 98%). One ruptured AAA was treated on an emer-
gency basis. All devices used were supported second-
generation aortic stent grafts: Talent (Medtronic, Santa
Rosa, CA, USA: nZ 2), AneuRx (Medtronic, Santa Rosa, CA,
USA; nZ 6) and Zenith (Cook, Bloomington, IN: nZ 43). All
endograft procedures were planned with an oversizing of
15e20% of proximal and distal vessel diameters. Immedi-
ately before the intervention, 5000 U of heparin were
administered intravenously, with heparinisation continuing
for up to 2 days after endografting with subcutaneous low-
molecular-weight heparin injection. During follow-up,
aspirin (nZ 20), clopidogrel (nZ 8) or warfarin (nZ 1)
were administered postoperatively depending on thepreoperative patient diagnosis of cardiovascular disease or
determination of elevated risk of cardiovascular disease.
Preoperative CT scans were evaluated for intraluminal
thrombus of AAAs in all 51 patients. Patients underwent CT
examinations (LightSpeed 16; GE Medical Systems, Mil-
waukee, WI, USA) of the abdominal aorta at 1-, 3-, 6- and
12-month intervals and annually thereafter. These studies
included a native sequence and a contrast-enhanced series
following intravenous injection of 120e150 ml non-ionic
contrast (Ultravist 370; Schering AG, Berlin, Germany) at
a flow rate of 3e4 ml s1 with a 45-s start delay; and a late
phase after 100 s (effective slice thickness, 5.0 mm).
Scanning CT parameters included 16 0.75 mm beam
collimation, a pitch of 2.0 and a reconstruction interval of
2 mm, rotation time of 0.8 s, table speed of 15 mm per
rotation, field of view: start from 1 cm above the coeliac
axis to femoral bifurcation, tube voltage with 120 kV at
a current of 300 mA. Besides axial cross-sectional images,
image reconstruction by multiplanar reformatting was
performed on an independent Hewlett-Packard (Palo Alto,
CA, USA) workstation (Advantage Windows 4.1; GE Medical
Systems). Intraprosthetic mural thrombus formation was
defined as the presence of a circumferential layer of low-
density thrombotic material over the whole length of the
mainbody, regardless of the thickness of the thrombotic
layer (Fig. 1). Complete thrombosis of the mainbody of the
endograft was considered as stent-graft occlusion and not
as mural thrombotic deposition. The diameter, length of
the mainbody and the diameter of bilateral limbs were
recorded and evaluated. Evaluation was performed by the
consensus of two experienced radiologists who were blin-
ded to the clinical data and graft design.
Statistics analysis
Continuous data were expressed as means standard
deviation (SD). Time-related events were plotted in
a KaplaneMeier survival curve, and hazard ratio estimation
with Cox regression analysis was done. Differences between
groups were calculated by ManneWhitney U test, chi-
square test or log-rank test depending on the type of
variables and the type of analysis. For all statistical eval-
uation, data with P value less than 0.05 was considered
significantly different between groups. All statistical works
were performed with SPSS for Windows (SPSS Inc., Chicago,
IL, USA).
Results
The demographic data of the patients, along with geometry
of AAA and type of endograft used during the surgery, are
shown in Table 1. During the follow-up period (mean 10
months, range: 3e48 months), intraluminal deposits of
thrombotic material were observed on CT scans in eight of
Figure 1 Intraluminal thrombus (asterisks) (A) was first
found 6 month after placement of a bifurcated stent-graft in
a 65-year-old man. (B) This thrombus deposit increased in size
during the follow-up period (24 months). Note the shrinkage of
the aneurysm sac between images A and B.
Table 1 Demographics, patient co-morbidities, size and
morphology of aneurysms in patients having endovascular
stent graft repair.
Basic data nZ 51
Mean SD
Age (years) 76.63 7.22
Gender (M:F) 44(86%):7(14%)
Co-morbidity
Hx of Heart Dz 83%
Diabetic Mellitus 33%
Hypertension 42%
Geometry of AAA
(Abdominal Aortic Aneurysm)
Mean (mm) SD (mm)
Neck diameter 24.46 3.67
Neck length 21 6.60
Aneurysm size 61.8 11.70
LCIA diameter 19.06 7.28
RCIA diameter 18.05 5.90
LCIA length 32.77 16.50
RCIA length 29.13 14.91
Renal a. to bifurcation 106.13 10.90
Renal a. to LCIA length 139.88 20.36
Renal a. to RCIA length 135.76 15.52
AAA endograft Case no.
Zenith (Cook, Bloomington, IN) 43
AneuRx (Medtronic AVE Inc., Santa Rosa, CA) 6
Talent (Medtronic AVE Inc., Santa Rosa, CA) 2
Figure 2 Freedom from intraprosthetic thrombosis over
a midterm follow-up.
Mural Thrombus Deposits in Endoluminal Grafting 74351 patients (15.6%, 95% CI: 8.2e28) (Fig. 2). There were
three cases with circumferential thrombus formation; the
other five cases appeared with semi-circular thrombus. The
mean luminal reduction was 6.29 mm (SDZ 3.01) in diam-
eter and accounted for 19.66% to mainbody diameter
(SDZ 9.15). The mural thrombus was detected on average
at about 9.8 months after endografting (range: 1e24
months). Mural thrombus deposition was only detected in
patients with the Zenith model. None of the AneuRx or
Talent endografts developed detectable thromboses (Table
2). During the follow-up, there was no occlusion of the
entire prosthesis, but prosthetic limb occlusion was
observed in three cases. However, there was no evidence ofthrombus formation on previous CT scans in these three
patients. These patients were treated with a crossover
bypass at 14 days, 3 months and 12 months after initial
intervention, respectively, to maintain peripheral circula-
tion. There was one patient who developed distal left
proximal superior femoral artery embolisation 4 months
Table 2 Incidence of intraluminal thrombus deposition
during follow-up.
Follow-up month Limb occlusion Intraprosthetic thrombus
1st 1 (C) 1 (C)
3rd 1 (M) 0
6th 3 (C)
12th 1 (M) 3 (C)
24th 1 (C)
Total 3 8
Endograft type: (M): Medtronic AneuRx, (C): Cook Zenith.
744 I.H. Wu et al.after detectable intraprosthetic mainbody thrombus in CT
scan follow-up. In the eight patients with non-occlusive
intraprosthetic thrombus, the deposits were all found on
the inner wall of the aortic component. In two cases,Figure 3 A 71-year-old man with a bifurcated endograft.
Follow-up CT scanning (A) one month after surgery showed
complete occluded right limb graft owing to a right external
iliac artery dissection perioperatively and also, (B) the main-
body was involved with the thrombus deposits. A left-to-right
crossover bypass was performed.thrombus involved both the aortic segment and one limb of
the prosthesis (Fig. 3A and B).
There were totally 20 patients taking aspirin, eight
patients taking clopidogrel and one patient taking warfarin
postoperatively. The incidence of deposition of thrombus in
the mainbody of the stent graft was 13.0% in patients
treated with anti-platelet or anticoagulation medication
and 17.8% in patients with no anti-platelet or anti-
coagulation medication treatment. The postoperative anti-
platelet or anticoagulation medication did not influence
the later formation of circumferential thrombus material in
the endograft (pZ 0.40), with a hazard ratio of 1.82 (95%
CI: 0.44e7.42, Fig. 4A). There were totally 32 patients with
preoperative intraluminal thrombus formation in the native
AAA and 19 patients without thrombus formation. DuringFigure 4 Freedom from intraprosthetic thrombosis over
midterm follow-up according to (A) postoperative use of anti-
platelet or anticoagulation (B) preoperative intraluminal
thrombus deposits.
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thrombus and four patients without preoperative mural
thrombus developed intraprosthetic thrombi. The inci-
dence of postoperative intraprosthetic thrombus formation
in patients with preoperative AAA luminal thrombus was
12.5% and was 21.5% in patients without preoperative mural
thrombus. There was no significant relationship between
the preoperative thrombus state and presence of throm-
botic deposits in the endografts during the follow-up period
(pZ 0.38), with a hazard ratio of 1.90 (95% CI: 0.44e8.22,
Fig. 4B)
The ratio between the cross-section area of the main-
body to the bilateral limb grafts and the length of mainbody
were compared (Table 3). The mean value of the ratios
between cross-section area of mainbody and bilateral distal
limb grafts were 2.20 1.23 in the patients with thrombus
and 1.21 0.56 in patients without thrombus formation.
The difference was considered statistically significant
between two groups of patients (pZ 0.04). The mean
length of mainbody of the stent graft was 87.75 19.83 mm
in the patients with thrombus formation and
68.07 25.55 mm in patients without thrombus formation.
There was also a statistically significant difference between
the two groups (pZ 0.01).
Discussion
Stent-graft thrombosis and micro-embolism are two
frequently reported complications associated with endo-
vascular repair of AAA.13 Thrombotic material can develop
suddenly in an aortic stent graft, resulting in total occlusion
of one or both limbs of the endograft, or it may present as
a circumferential, mural layer in the endograft without
occlusive effect. Wegners et al.14 reported semi-circular
areas of thrombus formation adjacent to the stent wall in
23.3% of patients within 3 days to 31 months (average 12.1
months) after treatment. Maleux et al.11 reported inci-
dences of 17% and 33% of thrombotic deposits in different
devices with no significant survival difference and no inci-
dence of distal embolisation. We observed intraluminal
deposits of thrombotic material in 15% of our patients with
AAA stent grafts, which was consistent with previous
reports.6,11,12,14 With regard to the risk of limb-graft
occlusion and distal thrombo-embolism as a result of the
presence of circumferential thrombus deposits, KraussTable 3 Comparison of cross-section area ratio and
mainbody length between patients with or without post-
operative intraluminal thrombus.
n R2/(r12þ r22) Mainbody peak
to bifurcation
length (mm)
Mean SD Mean SD
Post-op thrombus þ 8 2.20 1.23 87.75 19.83
Post-op thrombus  43 1.21 0.56 68.07 25.55
p-value 0.04 0.01
R: Radius of mainbody, r1: distal radius of contralateral limb
graft, r2: distal radius of ipsilateral limb graft.et al.15 reported intraluminal deposits of thrombotic
material in 20.4% of 137 aortic endografts, with occlusion of
prosthetic limbs in 5.8%. In a report from Wegner,14 16% of
82 cases experienced prosthetic limb occlusion and 26%
cases were presented with limb-graft thrombus deposits
without occlusion. Jacobowitz et al.16 showed that stent-
graft occlusion resulted in up to 11% of late explantation of
stent grafts while several cases of fatal multi-organ failures
have been linked to micro-embolism.17 In our series, three
patients developed limb-graft occlusion during the follow-
up, but none of them was associated with any previous
appearance of thrombus formation in the mainbody of the
stent graft. Severe kinking or external iliac artery dissec-
tion led to limb occlusion in these three cases. There was
one case that developed acute distal SFA embolisation 4
months after the appearance in the CT scan of intraluminal
thrombus formation during the follow-up; a cardiac source
was ruled out for this patient. Although the exact mecha-
nisms, and the significance and risk factors of thrombus
formation in endografts remained unclear, it has been
suggested that the placement of stent altered the local
haemodynamics and this, coupled with wall movement,
might lead to the dispersion of late multiple emboli.18,19
Though there was no sufficient evidence to prove the
association between the limb-graft occlusion and the
intraluminal thrombus formation in our series, the risk of
distal embolisation should be factored in patients with
intraprosthetic thrombosis.20,21
The deployment of a complex multicomponent endo-
vascular device in the vascular system will alter the local
haemodynamics.13 Wegner et al.14 reported thrombus
formation in the mainbody of a bifurcated stent graft and
there were specific flow patterns that might be responsible
for the thrombus formation: the influence of the local
endograft geometry, the angulation of the aortic neck and
the presence of renal outflow.22 In the study from Maleux
et al.,11 the thrombotic deposits of abdominal aortic stent
graft was related to the different devices. In our series, we
also found that the incidence of intraprosthetic thrombosis
rate was significantly increased in patients with larger ratio
between the mainbody and bilateral limbs-graft cross-
section area and also with a longer mainbody. Within
complex modular grafts, the flow pattern and the thrombus
deposits could be appreciated from changes in the overall
velocity profiles.22 The flow disturbances in the infrarenal
abdominal aortic segments were partly contributed from
large outflow through the renal arteries. The slight over-
sizing of the stent graft also caused the expansion of the
cross-section distal to the aortic neck. The reduction in
velocity in the expanding section distal to the aortic neck
caused the flow to become unstable, leading to flow
separation and recirculation. These flow disturbances
resulted in a reduction in velocity and an adverse pressure
gradient from the proximal stent towards the distal trunk.
Downstream in the limb and iliac vessels, plug flow was
then observed. The change in the velocity profiles was
enhanced by the tapering of the stent graft from the
proximal trunk towards the stent-graft bifurcation. Similar
to the model of Chong et al.,22 if the same blood flow
streamed through the stent graft, and smaller distal limbs
were used, the tapering effect of the bifurcated graft
would result in a plug flow as evidenced by the gradual
Figure 5 Plug flow was developed when the same amount of blood flowed through relatively small outflow limb grafts (R and R0:
Radius of mainbody, r1, r2, r10and r20: distal radius of limb graft, L and L0: length of mainbody from peak to bifurcation).
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leading to the central flattening of the velocity profiles
(Fig. 5).23e27 These regions of low velocities might be prone
to thrombus formation. Besides, vortical blood flow
appeared to modulate wall shear stresses and reduced
areas of mural blood stasis with minimal pressure loss, and
might have clinical implications for endothelial cell func-
tion, mural thrombus. Nowadays, the intravascular stent
grafts are not designed to induce or maintain this vortical
flow, which was produced from the torque force leading
from the left ventricle to the ascending aorta.28
Previous clinical studies analysing the size and
morphology of intraluminal thrombus in AAA had shown
that intraluminal thrombus was related to the inflammatory
response of the vascular wall. The increased expression of
both Egr-1 and tissue factor from the injured aneurysmal
wall was the important source for occlusive thrombus
formation.29 In our study, the preoperative status of
thrombus formation, although it might represent a more
inflammatory or prothrombotic status,30 did not really
predict the postoperative thrombi deposits in the mainbody
of the AAA prosthesis. Even though anti-platelet or anti-
coagulation medicines were made available, the thrombus
deposit was not really dependent on the coagulation
profile; instead, the geometry of the stent graft was more
important than the coagulation status in our study.
In conclusion, this study has clearly demonstrated that
mural thrombotic deposits in abdominal aortic stent grafts
are common and occur more often in endografts with longer
mainbody, and also in the endograft morphology chosen
with larger mainbody diameter and smaller iliac limb
grafts. Aortic aneurysm morphology, iliac artery diameter
and the design of the stent graft are factors that influence
local haemodynamics and may impact the performance of
stent grafts. The AAA mural thrombus appearance before
endograft placement, and the postoperative anti-platelet
and anticoagulation treatment do not have an impact on
the intraprosthetic thrombus formation postoperatively.
Findings from our relatively small cohort do not enable us
to draw conclusions regarding the correlation between theintraprosthetic thrombus formation and the peripheral
thrombo-embolism events.Conflict of Interest/Funding
None.
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